(1) The population of northeastern China has a high incidence of ischemic stroke. Previous studies have shown that intracranial large-artery atherosclerosis is one of the main causes of ischemic stroke, and that the mechanisms are related to inflammation and thrombosis of the affected arteries.
INTRODUCTION
In China, the incidence of stroke has been increasing over recent years. The third survey of causes of death in the Chinese population by the Ministry of Health, published in 2008, showed that chronic noninfectious diseases caused the most deaths, and that mortality rates from infectious diseases, malnutrition, and mother-infant disease transmission were decreasing. Stroke is a leading cause of death and long-term disability, with a mortality rate of 22.45% [1] .
Post-stroke disability severely affects the quality of life of many individuals in China.
The incidence and causes of stroke in China vary by region [2] . The incidence of stroke is higher in northern China than in southern China, because of differences in environmental factors, eating habits, medical care, and sanitation. It is therefore particularly important to pay attention to the prevention and treatment of stroke in northern China.
Intracranial large-artery atherosclerosis is a major cause of ischemic stroke, elevates plasma cholesterol level and plays an important role in the pathogenesis of large-artery atherosclerosis [3] . Previous studies have investigated the pathophysiology of atherothrombosis by measuring the levels of various markers in plasma and urine [4] . In patients with large-artery atherosclerosis, three main mechanisms causing stroke are recognized: thrombogenic, inflammatory, and non-specific [5] . The thrombogenic mechanism is characterized by high levels of fibrinogen and D-dimer and a high D-dimer/fibrinogen ratio, and is a common cause of cardioembolic stroke. The inflammatory mechanism is characterized by high levels of fibrinogen and C-reactive protein and a high erythrocyte sedimentation rate, and causes atherothrombotic stroke. The non-specific mechanism is associated with other stroke types including lacunar stroke [5] .
Statins are hydroxymethylglutaryl-CoA reductase inhibitors. Ischemic stroke is known to trigger an acute increase in plasma C-reactive protein level [6] , and a high C-reactive protein level is associated with inflammation and progression of endothelial damage in atherosclerotic disease [7] . The fibrinogen level increases during both inflammatory and thrombotic processes. Thrombogenesis and inflammation are closely related, and both processes are present in all cases of ischemic stroke [5] .
Isolated measurement of the fibrinogen level is insufficient to assess these processes. Weak associations have been reported among fibrinogen level (or other variations in the levels of thrombotic markers), carotid artery stenosis of ≥ 50%, and atherothrombotic and lacunar stroke [8] [9] . Skoloudí k et al [10] reported that D-dimer levels increased within 6 hours after the onset of stroke. D-dimer levels are much higher in patients with large-artery occlusion or cardioembolic stroke than in those with lacunar stroke or without arterial occlusion [10] .
In addition to lowering cholesterol level, statins might have beneficial effects on inflammation [11] [12] [13] . Statins have also been reported to have vasodilatory, antithrombotic, antioxidant, and neuroprotective effects [14] [15] [16] .
Walter et al [17] reported that atorvastatin appeared to influence thrombogenesis, fibrinolysis, and inflammation in patients with coronary artery disease. Colhoun et al [18] reported that atorvastatin 10 mg/d was safe and effective in reducing the risk of first cardiovascular events, including stroke, in patients with type 2 diabetes without elevated low-density lipoprotein cholesterol levels. Cortellaro et al [19] reported that atorvastatin reduced the inflammatory/thrombotic characteristics of carotid plaque.
It is currently unclear whether the lipid-lowering effects of atorvastatin are associated with anti-thrombogenic and anti-inflammatory effects. Few studies have focused on these parameters in patients with acute ischemic stroke caused by large-artery atherosclerosis, particularly in northeastern China.
This study had three aims. First, this study [20] . Second, this study aimed to investigate associations between changes in the levels of inflammatory and thrombogenic markers, and changes in hyperlipidemia markers, in the study group. Third, as most previous studies of patients with acute ischemic stroke caused by large-artery atherosclerosis focused mainly on measurement of the level of a single marker such as C-reactive protein, fibrinogen, or D-dimer, this study measured all three values to evaluate the effects of statin treatment, and expanded the range of statins available for the treatment of acute ischemic stroke.
RESULTS
Quantitative analysis and baseline data of participants Eighty-nine patients who were treated for ischemic stroke caused by large-artery atherosclerosis in Liaoning Province, China from March 2009 to February 2010 were enrolled. Patients were randomly divided into the study and control groups in a double-blind manner, using a randomization algorithm. All patients received antiplatelet therapy, circulatory support, and symptomatic treatment. Patients in the study group (n = 43) received oral atorvastatin, and patients in the control group (n = 46) received placebo pills containing glucose. All 89 patients were included in the final analysis. Figure 1 shows a flow chart of patient selection.
There were no significant differences in sex, age, marital status, occupation, or medical history between the two groups (all P > 0.05; Table 1 ).
Changes in the levels of markers of inflammation, thrombogenesis, and hyperlipidemia
The Kolmogorov-Smirnov test results showed that the distributions of data were normal, with equal variances in the two groups. There were no significant differences in the levels of the markers before treatment between the two groups. After treatment, the levels of total cholesterol, triglyceride, low-density lipoprotein, cholesterol, and apolipoprotein B were significantly lower in the study group than in the control group (all P < 0.05), and the level of high-density lipoprotein cholesterol was significantly higher in the study group than in the control group (P < 0.05). The levels of C-reactive protein, fibrinogen, and D-dimer were also significantly lower in the study group than in the control group (P < 0.05, P < 0.01, and P < 0.01, respectively). In the study group, the levels of total cholesterol, triglyceride, low-density lipoprotein cholesterol, and apolipoprotein B were significantly lower after 4 weeks of treatment than before treatment (P < 0.01, P < 0.05, P < 0.05, and P < 0.01, respectively), the level of high-density lipoprotein cholesterol was significantly higher after 4 weeks of treatment than before treatment (both P < 0.05), and the levels of C-reactive protein, fibrinogen, and D-dimer were significantly lower after 4 weeks of treatment than before treatment (P < 0.05, P < 0.01, and P < 0.01, respectively). In the control group, the levels of total cholesterol and D-dimer were significantly lower after 4 weeks of treatment than before treatment (both P < 0.05; Table 2 ).
Correlations between decreased levels of markers of inflammation and thrombogenesis, and decreased levels of markers of hyperlipidemia
In the study group, correlation analysis showed that decreases in the levels of C-reactive protein, fibrinogen, and D-dimer after 4 weeks of treatment were not correlated with decreases in the levels of low-density lipoprotein cholesterol and total cholesterol (all P > 0.05; Table  3 , Figure 2 ).
DISCUSSION
Atherosclerosis is a systemic disease with multifactorial etiology, and is considered to be the primary cause of morbidity and mortality in developing countries. Largevessel atherothrombosis and arterial or cardiac thromboembolism cause approximately 80% of cases of acute ischemic stroke [21] . In individuals with intracranial atherosclerosis, the risk of stroke increases with the degree of arterial stenosis. Elevated plasma cholesterol level is a pathogenic factor in atherosclerosis [22] [23] [24] [25] [26] , and plasma lipid profiles are useful for assessment of atherosclerotic risk. There is also increasing evidence that inflammation plays an important role in the progression of acute ischemic stroke. Atherosclerosis is considered to result from a systemic inflammatory process involving complex interactions between circulating blood cells and the cells of the arterial walls, leading to stenosis/occlusion of the arterial lumen [3, 27] . The first stage of atherosclerosis is characterized by endothelial cell dysfunction, and progression of atherosclerosis is characterized by inflammatory processes in the plaque mediated by cytokines and leukocyte recruitment [28] [29] . The inflammation in atherosclerotic lesions is influenced by many factors such as cigarette smoking, insulin resistance/diabetes, and hypertension (especially hypertension mediated by the renin-angiotensin-aldosterone system) [30] . It therefore seems that the inflammatory pathways of both the innate and adaptive immune responses influence the risk of atherosclerosis [31] .
High-sensitivity C-reactive protein is an acute phase reactant synthesized by the liver that is considered to be an indicator of systemic inflammation [32] . C-reactive protein has recently been identified as a potential marker of increased atherosclerotic risk as well as a potential therapeutic target for the prevention of atherosclerotic cerebrovascular disease [33] . It is possible that high-sensitivity-C-reactive protein plays a role in both the early and late stages of atherogenesis. In the late phase, high-sensitivity-C-reactive protein may induce matrix metalloproteinase expression and collagenase activity in monocytes/macrophages [34] [35] . The results of studies using cultured human vascular smooth muscle cells and human C-reactive protein-overexpressing transgenic mice suggest that high-sensitivity-C-reactive protein may induce exaggerated vascular remodeling [35] [36] . Inflammation as assessed by C-reactive protein level is significantly positively correlated with infarct volume, and may influence the vascular protective effects of statin therapy [37] .
This study included patients with acute ischemic stroke caused by large-artery atherosclerosis according to the TOAST criteria. The patients had significantly elevated C-reactive protein levels at the time of enrollment. Activated macrophages secrete cytokines, which induce liver cells to produce large amounts of C-reactive protein after the onset of stroke. Table 3 Correlations between decreased levels of markers of inflammation (C-reactive protein) and markers of thrombogenesis (fibrinogen, D-dimer), and decreased levels of markers of hyperlipidemia (total cholesterol, LDL-C) in patients with acute ischemic stroke caused by large artery atherosclerosis, after 4 weeks of treatment with atorvastatin There were no significant correlations between decreased levels of markers of inflammation and thrombogenesis, and decreased levels of markers of hyperlipidemia (A-F; rank correlation test). High C-reactive protein levels reflect endothelial cell damage, inflammatory cytokine activation, vascular lesions, and thrombosis, indicating a marked inflammatory process [38] . The levels of total cholesterol, triglyceride, low-density lipoprotein cholesterol, and apolipoprotein B were significantly lower after 4 weeks of atorvastatin treatment than before treatment. The C-reactive protein level in the study group after 4 weeks of treatment was significantly lower than the C-reactive protein level in the study group before treatment, and significantly lower than the C-reactive protein level in the control group after 4 weeks of placebo administration. Correlation analysis showed no correlations between decreased C-reactive protein level and decreased low-density lipoprotein cholesterol and total cholesterol levels in patients who received atorvastatin. These results suggest that atorvastatin treatment results in decreased levels of markers of inflammation in patients with acute ischemic stroke caused by large-artery atherosclerosis, independent of its lipid-lowering effects.
Acute infectious disease, acute stroke, and myocardial infarction are associated with increased plasma fibrinogen levels [39] . Fibrinogen is a soluble 340 kDa dimeric glycoprotein that is synthesized in the liver and secreted into the plasma, where it activates signals via receptors on cells of the hematopoietic, immune, and nervous systems [40] [41] . Fibrinogen is a prominent acute-phase reactant that has a pivotal role in thrombogenesis, inflammation, immune responses, and atherogenesis. In this study, the fibrinogen level decreased in patients with acute ischemic stroke caused by large-artery atherosclerosis after 4 weeks of atorvastatin treatment, whereas the fibrinogen level did not change significantly in the control group, which is consistent with previously reported findings [42] . A decrease in fibrinogen level may reduce atherosclerotic thrombosis. Ernst and Resch [43] reported that increased fibrinogen levels were associated with a hypercoagulable state, resulting in thrombosis around atherosclerotic plaques, erythrocyte aggregation, increased blood viscosity, activation of coagulation factor VII, increased blood coagulation, increased platelet aggregation, activation of plasmin inhibitor, and abnormal fibrinolysis. Another study reported that the reduction in fibrinogen level caused by statins was related to increased transcription of the endothelial nitric oxide synthase gene and increased production of endothelial nitric oxide synthase [44] . Statins influence erythrocyte deformability, reduce the levels of plasminogen activator inhibitor and fibrinogen, reduce smooth muscle cell proliferation and oxidized low-density lipoprotein-induced macrophage proliferation, and reduce blood lymphocyte and monocyte proliferation, resulting in inhibition of thrombosis and blood coagulation and reduction of the high risk of ischemic stroke associated with an elevated fibrinogen level [45] . D-dimer is a product of plasmin-mediated cross-linked fibrin degradation, and an elevated D-dimer level is a marker of vessel occlusion. When the coagulation and fibrinolytic systems are activated, plasmin splits fibrin into fibrin degradation products and D-dimer [46] . The D-dimer level is elevated in thrombogenic disorders, especially disorders that affect the venous system [5] . Barber et al [47] reported that measurement of the D-dimer level could help physicians to target interventions for prevention of early neurological deterioration after acute ischemic stroke. Higher D-dimer levels might reflect greater atherosclerotic plaque remodeling or atherosclerotic disease burden. Statins improve atherosclerotic plaque stability and restore endothelial function [48] . In this study, the D-dimer level was above the normal range in both groups within 72 hours after the onset of stroke. After 4 weeks of atorvastatin treatment, the D-dimer level was significantly lower in the study group than in the control group, indicating that atorvastatin treatment decreases the D-dimer level in patients with acute ischemic stroke caused by large-artery atherosclerosis. This may be because atorvastatin activates the fibrinolytic system resulting in degradation of circulating fibrin.
Inflammation is an important factor in atherothrombosis. Agents with both anti-inflammatory and anti-thrombogenic properties may help to reduce the high morbidity and mortality rates associated with atherothrombotic vascular disease [49] . Atorvastatin targets inflammatory chemokines of the endocytic pathway, and may therefore have anti-inflammatory effects on endothelial cell function [50] . Treatment with statins results in reduced infarct size and a more favorable outcome in patients with ischemic stroke, irrespective of stroke etiology [51] . Better outcomes were reported after treatment with high-dose statins (≥ 60 mg) than with low-dose statins (≤ 60 mg) in all types of acute ischemic stroke [52] .
However, another study suggested that high-dose statins should only be used in patients with atherosclerotic stroke [53] . Combination of the various effects of statins may be particularly important in the first 3-7 days after stroke [54] .
International guidelines advise objective assessment of cardiovascular risk to determine the appropriateness of statins for primary prevention, and near-universal use of statins for secondary prevention after the acute phase of ischemic stroke. There is no consensus regarding the choice of agent, timing of initiation, or dose and duration of therapy. Some guidelines advocate high-dose atorvastatin, while others suggest use of simvastatin because of its generic availability and low cost [55] .
It remains unclear whether C-reactive protein is a useful therapeutic target. Although the results of animal studies suggest that C-reactive protein may play a role in the development of atherosclerosis, recent Mendelian randomization studies failed to demonstrate a causal role between C-reactive protein level and atherosclerosis, suggesting that C-reactive protein is more likely to be a marker of atherosclerosis than a cause [34] . Multiple studies reported that an elevated high-sensitivity-C-reactive protein level was associated with increased cardiovascular risk. Although there is increasing evidence that C-reactive protein may be directly involved in the pathogenesis of atherosclerosis, the question of whether reduction in the C-reactive protein level or its associated downstream effects will provide novel therapeutic avenues for reducing cardiovascular risk requires further investigation [33] .
The present study focused on the effects of statins on the levels of inflammatory and thrombogenic biomarkers in patients with acute ischemic stroke caused by largeartery atherosclerosis. Measurement of the markers studied is inexpensive and widely available, and may provide information about pathophysiology in stroke patients without severe systemic disease. It is possible that several markers will prove to be useful in evaluating the efficacy of therapy or in predicting specific patient groups that are likely to benefit from targeted intervention. It is probable that no single marker will provide appropriate information for all clinical settings. Several chemokines including CXCL1/growth-related oncogene-a, CXCL8/ interleukin-8, and CCL2/monocyte chemoattractant protein-1 are important in the pathogenesis of atherosclerosis, and can be influenced by statin treatment. Assessment using multiple markers should therefore be further evaluated. Future studies of plasma markers should investigate pathophysiological pathways as well as clinical applications [4] .
This study has some limitations. First, the sample size was relatively small. Second, the severity of stroke (National Institutes of Health Stroke Scale [56] or discharge modified Rankin scale [57] ) was not taken into account.
Baseline comorbidities [58] were not recorded, and outcomes were not assessed according to different C-reactive protein levels [59] or atorvastatin doses. Finally, patients were not followed up after the study period.
Further studies are needed to confirm the associations reported in this study. Studies with larger sample sizes are needed to definitively establish the outcomes after statin treatment in patients with stroke.
In conclusion, atorvastatin treatment decreased the levels of total cholesterol, triglyceride, low-density lipoprotein cholesterol, apolipoprotein B, C-reactive protein, fibrinogen, and D-dimer, and increased the level of high-density lipoprotein cholesterol, in patients with acute ischemic stroke caused by large-artery atherosclerosis. Decreases in the levels of C-reactive protein, fibrinogen, and D-dimer were not correlated with decreases in the levels of low-density lipoprotein cholesterol and total cholesterol, suggesting that atorvastatin has anti-inflammatory effects that are independent of its lipid-lowering effects. The levels of total cholesterol and D-dimer also decreased significantly after 4 weeks in the control group.
SUBJECTS AND METHODS

Design
A randomized, double-blind, placebo-controlled, hospital-based study.
Time and setting
This study was performed at Department of Neurology, First Affiliated Hospital of Liaoning Medical University, China, from March 2009 to February 2010.
Subjects
The study group included 25 males (58%) and 18 females (42%) with a mean age of 67.7 ± 6.9 years. The control group included 27 males (59%) and 19 females (41%) with a mean age of 65.0 ± 7.7 years. The baseline medications taken by patients were similar in both groups. All patients gave informed consent for inclusion in the study, and the study protocol was approved by the State Council of China [60] , according to the Administrative Regulations on Medical Institutions.
Diagnostic criteria
Acute ischemic stroke was defined as a sudden onset of nonconvulsive, focal neurological deficit persisting for longer than 24 hours. The diagnosis was based on clinical findings and was confirmed by brain CT or MRI findings. The etiology of stroke was determined according to the TOAST criteria [20] . Large-artery atherosclerosis was defined as a ≥ 50% diameter stenosis of the carotid artery on ultrasonography, or a ≥ 50% diameter stenosis of the carotid artery, anterior cerebral artery, middle cerebral artery, posterior cerebral artery, or vertebrobasilar artery on digital subtraction angiography or magnetic resonance angiography [61] . Digital subtraction angiography examinations included intracranial and extracranial portions of the bilateral carotid and vertebrobasilar systems. Magnetic resonance angiography was performed in patients with suspected artery dissection or intracranial stenosis based on ultrasonography findings. All angiography findings were reviewed by one neuroradiologist and one neurologist, and the degree of stenosis of the extracranial vessels (common, internal, and external carotid arteries and extracranial vertebral arteries) and intracranial vessels (middle, anterior, and posterior cerebral arteries and intracranial vertebrobasilar arteries) was calculated according to the North American Symptomatic Carotid Endarterectomy Trial criteria [62] .
Inclusion criteria
The inclusion criteria were: (1) hospitalized for the treatment of acute ischemic stroke in the Department of Neurology, First Affiliated Hospital of Liaoning Medical University, China from March 2009 to February 2010; (2) age ≥ 50 years; (3) CT or MRI findings indicating acute ischemic stroke; (4) diagnosis with 72 hours of the onset of symptoms; (5) diagnosis of large-artery atherosclerosis based on the TOAST criteria; (6) not taking anti-thrombogenic medication; (7) patient able and willing to give informed consent, or informed consent obtained from patient's family; and (8) any hypertension and diabetes stable or controlled by medication for at least 3 months [63] .
Exclusion criteria
The exclusion criteria were: (1) other subtypes of ischemic stroke; (2) previous treatment with statins; and (3) acute illness or poorly controlled chronic disease such as acute coronary syndrome, atrial fibrillation, bicuspid aortic valve, rheumatic valve disease, infection, fever, cancer, left ventricular ejection fraction < 60%, more than mild aortic regurgitation, creatinine level > 15 μg/L in males or > 89 μg/L in females, high aminotransferase levels, creatinine kinase level > 190 U/L in males or > 170 U/L in females, or C-reactive protein level > 10 mg/L.
Methods
Intervention
All patients were instructed not to smoke, drink excessive amounts of alcohol, or ingest a high-fat diet. All patients received routine treatment including antiplatelet medication, circulatory support, and symptomatic treatment for 2 weeks. Patients in the study group also received oral atorvastatin 20 mg/d (Pfizer Pharmaceuticals Co., Ltd., USA, lot No. 085837032) in the evening for 4 weeks. Patients in the control group received a placebo pill containing glucose for 4 weeks. The placebo pills had the same appearance, taste, and smell as the atorvastatin pills, and were produced by the same company. The method of drug administration was the same in both groups. Symptomatic treatment was given if patients experienced digestive symptoms or slight changes in liver function. Patients with hypertension, coronary artery disease, or diabetes mellitus continued taking their regular medications.
Laboratory tests
Fasting morning venous blood samples were collected from an antecubital vein before the onset of the study intervention and 4 weeks after the onset of intervention.
To measure markers of hyperlipidemia, 2 mL of blood was collected and was stored without agitation for 30 minutes, and then centrifuged at 1 600 × g at 4°C for 15 minutes to separate the serum, which was stored at -20°C. Serum levels of triglyceride, total cholesterol, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, apolipoprotein A1, apolipoprotein B, and lipoprotein were measured using an automatic biochemical analyzer (Model 7170; Hitachi, Tokyo, Japan).
To measure the C-reactive protein level, 2 mL of blood was collected and stored without agitation for 30 minutes, and then centrifuged at 3 500 r/min at 4°C for 15 minutes to separate the serum, which was stored at -20°C. C-reactive protein was assayed by rate immunoturbidimetry (Array360 System turbidimeter; Beckman, Brea, CA, USA).
To measure the fibrinogen level, 2 mL of blood was collected in a sodium citrate tube, and was centrifuged at 3 000 r/min at 4°C for 10 minutes to separate the plasma, which was stored at -20°C. The fibrinogen level was measured using the Clauss method, with a normal range of 2-4 g/L (reagents: Biopool AB, Ventura, CA, USA; automated coagulation analyzer: Thrombolyzer Compact XR; BE company, Germany).
To measure the D-dimer level, 2 mL of blood was collected and stored without agitation for 30 minutes, and was then centrifuged at 3 000 r/min at 4°C for 10 minutes to separate the plasma, which was stored at -20°C. The D-dimer level was measured by enzyme-linked immunosorbent assay (reagents: Sunbio Co., Ltd., Shanghai, China). Glucose and electrolyte levels and liver, kidney, and coagulation function were measured in all patients.
Statistical analysis
Categorical variables were expressed as number and percentage, and continuous variables were expressed as mean ± SD. Analyses were performed using SPSS 17.0 statistical software (SPSS, Chicago, IL, USA). Continuous variables were compared between the two groups using the two-sample t-test, and were compared before and after intervention within each group using the paired t-test. Categorical variables were compared using the chi-square test. The relationships between variables were analyzed using the rank correlation test. A value of P < 0.05 was considered statistically significant.
